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Section One

Introduction
Automated Interactive Simulation Modeling System systems. It can be used to perform sizing and
(AISIM) is an interactive, graphics-oriented mod- timing studies in the development of software
eling system capable of simulating a variety of and hardware designs, system architectures,
problems ranging from user-machine interfaces to and protocols. AISIM supports the preparation of
distributed computer systems. It uses interactive specifications by quickly providing answers on the
graphics to specify a system's architecture and to technical feasibility and impact of performance
describe the functional processes that operate requirements. It can also be used to validate the
within that architecture. AISIM produces plots performance of proposed designs. While a system
of performance statistics for messages, system is being built or after it becomes operational,
resources, and system functions. Reports include AISIM can be used to model proposed changes .. ,

queuing (time in queue, queue length), resource and enhancements in order to determine cost-
usage, and message transit time statistics. Flow- effective solutions.
charts of a model's logical processes are automati-
cally produced providing an excellent source of AISIM is an easy-to-learn tool that can be used
model documentation. AISIM runs under the IBM directly by an analyst, thus eliminating the time-
MVS/TSO and the VAX VMS operating systems. consuming and error-prone interaction between

analyst and simulation programmer. AISIM's high-

AISIM is designed to be particularly useful during level representative language facilitates the prep-
the conceptual design phase of Command, Control, aration of a model. AISIM modeling constructs
Communications, and Intelligence (C31) system correspond to those of the system being modeled,
acquisitions. It is useful for the design and analysis resulting in a mapping relationship between AISIM
of computer-based systems including local area entities and those of the modeled system (figure 1).
networks, data processing systems, and distributed ,-

Figure 1 ,

Mapping of System
into AISIM TO Use[II

Represent AISIM
Physical Architecture

Architecture

To Use START
UseALLO

Represent - AISIM • DEA
Logic Processes

To Use 1
Represent AISIM CPU I
Resources Resources

TO Use
Represent AISIM see MSG
Messages Items
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A network's physical architecture is represented
by using AISIM's architecture design feature. The
physical resources of the modeled system are
depicted graphically on the terminal screen. The

Using the Architecture logical processes of a system are represented by
Editor, the User "DRAWS" the AISIM entities called processes. Processes con-
Network. tain elements called primitives that correspond

to steps in the modeled system's logic. The hard-
ware resources of the modeled system are rep-
resented one-for-one by AISIM entities called
resources. AISIM also provides items that repre-

* *,.sent transient data elements, such as messages,
that can flow through a modeled network. This

Using the Process Editor, the correspondence between system components and

User "DRAWS" the Function AISIM entities simplifies the model builder's task.
Flowcharts.

AISIM's interactive graphics assists the analyst in
several modeling areas. Of the three examples
shown in figure 2, the first illustrates AISIM's
capabilities that enable the user to "draw" the
modeled architecture on the screen. The second
shows model processes represented in the form of

Using the Analysis Interface, a flowchart called a process diagram. As the user
the User Defines Plots to be builds a process, this flowchart is drawn automati-
"DRAWN." cally. The third example illustrates AISIM's plot

output. AISIM provides statistical plots for perfor-
mance attributes of system resources and mes-
sage transactions. Performance measures such as
throughput, response time, resource usage, and
queuing may be viewed as plots at the completion

Figure 2 of a simulation.
Interactive Graphics

These are only a few of the capabilities made
possible by AISIM's five functional interfaces. The
next section describes each of these interfaces,
and the final section gives examples to illustrate
AISIM's model building and execution features.
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Section Two

AISIM Interfaces
AISIM consists of five functional interfaces as
shown in figure3: Design, Analysis, Replot, Hard-
copy, and Library. The Design Interface (DI) pro- ,.
vides the user with the commands necessary to I
design and construct a model. The model is actu- slEN AALSI[ RFPLOT HARD OPY LIBRARY

ally run or executed using the Analysis Interface Architecture Define Plots Rederaw Plots Flow Charts Save Models
(AI), which provides the commands necessary to Processes Change Delete Plots

Scenario Variables Deletecontrol the simulation and view simulation results. Loads Save Plot Definitions
The Replot Interface (RI) allows the user to view Tables Definitions

Variables Save Plotplots from different runs and to plot them on the Constants Data
same graph. The two remaining interfaces, the
Library Interface (U) and the Hardcopy Interface
(HI), provide tools for model documentation and Figure 3
for saving models to be used in subsequent AISIM Interfaces
studies.

~Design Interface
Ceign n te Ds e 1Used to tabulate statistics on the time a resourCe was 0

In creating a model, the D is used to describe used for a paticular function. so c'

the modeled system's functions and architecture
through a set of constructs called entities (table 1). COSAT A model parameter whose value cannotb hne
The DI is used to select and enter the required H during the simulation
entities into a model. It contains commands for
creating and modifying model elements including UEM Used to represent transient data elements, such as
the architecture, the processes that describe thH messages.

model logic, and the external system loads. Other
model entities indude model resources not defined LEAL PTH modeled architecture; defines rout

in the architecture, and entities such as tables, TABUE through the system.constants, and variables.'4c o n st a n t s a n v a i a l s .e p re s e n ts a l g ic a l s te p f a p r c e s s A s e q u e n c e of
PRIMITIVE primitve compose a proess.

Most entities are created using the edit command.
This command causes a form to be displayed for
the entity being defined. When a form is com- PFOC description (using primitives) of the logic of a function

pleted and entered, the defined entity becomes
part of the model. Forms help the modeler enter Used to schedule processes at a repetitive rate to gener-
data correctly and ensure that all necessary data LOAD ate transactins (messages) for the system. Load tngger- -.

is induded. Forms also facilitate quick model ing is specified in the scenario entity.

building and reduce the probability of errors
being introduced into the model. Creation of the SCSpcfe the le .
model architecture and model processes are com- I ,

plex functions that make use of graphics as well
as forms. These and the means used to define the RESOURCE Used to represent the actual resources (CPU. disk,

on the modeled system are discussed below. channel, terminal, etc.) of the system being modeled.

ioaG~~~~~~ mone paamee whoese system canlcseaolw ;.,
"AR BL before and durng the simulation .

Architecture Editor (AE) The AE is used to bo a
create the system architecture in graphic form
(figure 4). It displays the layout and interconnec-
tions of the physical elements of the modeled Table 1
system. Arbitrarily chosen symbols represent AISIM Entities
physical system elements. The lines or links con-
necting them represent communications paths. -

3
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For each node and link, AISIM creates a resource
ARLHIIECTURE LEGAL PATH DEFINITION entity to which attributes may be assigned. The

FROM O NEX VIAAE can also create a Legal Path Table (LFD),
III: VICE DEVICE DEVICE LINK sometimes referred to as a roumitig tatb!e, fromn the

== architecture diagram. Figure 5 shows port of !he
*- 141 Ell Si 4IISI A LTfor the arhiecur of figure 4t. The LPT
* . i 143 Si. 141i A contains the paths or -outes; to be used between

E 41 144 si 14151. A each pair of nodes. An entry in the table consists
E 41 146 Si 14151 A of four elements: the FROM node, the TO node,

______________________________________ the NEXT node on the path, and the next LINK
on the path. The LPT is used by model processes

Figure 5 to route messages through the modeled system.
Legal Path Table

Process Editor (PE) The functions of a mod-
eled system are described in AISIM by' processes.

ASS TPRT ASS ETUR ALLThe PE creates and modifies processes and dis-
I MSG T MSGplays the elements of a process as a flow diagramNo (figure 6). Each functional element is called a

M.OYH HULIPL]primitive (table 2). Easy to learn and use, the
M SG .LNTI4 CALCULATE PROCESSING TIM primitives are the only language" the user must

N / learn in order to build models in AISIM.

PLAC REUESTON FO CHOPARIAL PRIRTVScenario and Load Entities The scenario

4 STand loa entities are use to dfne thmoe
I.H PROCESSOR WORKS environment in the form of information and data

N/ passed to it. The scenario (figure 7) allows the
RELEASEC TCHCO analyst to specify the number of time units per

RELESE TE CO I NITsimulation period and the number of periods in
the simulation. Breaking the simulation run into

4.. periods provides the analyst with the flexibility to
examine intermediate results. The scenario is also

________________________________________ used to specify one or more loads, and the time

Figure 6 and priority to trigger each.
Process Rlow Diagram

4



7.
The load (figure 8) permits processes to be sched- develop new models. The user's library is con-
uled cydically or repetitively. It is used to schedule trolled by the user, who may add or delete entries
processes that create items (m-sages) which as desired. The system library is accessible by the
represent external loads or inputs to the system, user, but only the system librarian is able to mood-
The load identifies the rate at which processes ify its contents.
will be scheduled and items generated. Each time
a process is scheduled a new instance (copy) of A set of AISIM processes called the Message Rout-
the process is created and executed. Many ing Submodel (MRS) resides on the system libray.
instances of the same process. thE refore, may These processes may be inserted into a model to
be executing simultaneously, though perhaps perform message routing functions. The MRS uses
at different stages of their logic. The same process
may also execute at different nodes in the modeled
system. Thus, several instances of a particular

network simultaneously. But it is only necessary SEND
to define the process once. SUSPEND Control execution and suspension of

to efne heproes one.RESUME procesges.
WAITAfter a system model is defined by specifying its :/

processes, scenario. loads, resources, legal path
table, constants, variables, and so on, the model CREATEJ Generate and eliminate messages.
is ready to be exercised using the Al. DEST H__Y________.....
Analysis Interface ACTION Consumes time.

Using the Al, the analyst typically defines plots to variables and perform

and system variables, runs the simulation, and ASSIGN mathematical and statistical functions.

views results in the form of printed statistics or
plots (figure 9). Several runs can be made quickly
to determine how the model responds to various ALLOC

DEALLOC
loading conditions and/or capacity parameters. RESET Changes status of resources.
Plots for a particular resource or message type are LOCK
defined by choosing from a table entitled "Attri- UNLOCK
butes" and from a subsequently displayed table
entitled "Statistics." An example of a resulting plot FL
is also shown in the figure. At the completion of a FIND Manipulate special user-defined

run, plots and statistical reports may be viewed REMOVE queues.

on the screen and/or printed. The Al also enables
the analyst to save plots for subsequent analysis
and use. COMPARE -

ENTRY Control flow of process logic.
LOOP

Replot Interface PROS

The RI allows the user to retrieve and display TEST

plots that were saved in the Al. With the RI, plots
from several different runs can be selected and TRACE Debugging.
viewed individually or overlaid on the same graph

for comparison purposes. The RI also provides a
housekeeping function for plots and plot defini- Table 2
tions by providing a facility for deleting them AISIM Primitives
when they are no longer needed.

Library Interface
The LI enables the user to save models or selected
model processes on either a user or system library
from which they may be retrieved and used to

5
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node and link resources while routing messages The HI is an invaluable tool that aids in the docu-
through a network. It can also schedule a user- mentation of the completed model. In addition, it
defined function at a message destination that facilitates the maintenance of model documenta-
could, for instance, generate and route an acknowl- tion. As processes are modified the process dia-
edgment or response to the originator. As with grams are automatically updated, and revised
any library entry, the MRS may be used as is, or hardcopies may be produced using the HI.
it may be modified by the user.

Form Input
Hardcopy Interface A special feature of AISIM is its use of forms for

The HI provides the analyst with the capability of data entry. Each form uses labels to define its
producing hardcopies of the process flow diagrams. fields. The fields are highlighted with the "inverse-
This interface provides the commands necessary video" feature of the terminal. As an additional
to print the desired output on a graphics printer.

Figure 7
SCENARIO DEFINITION Scenario Definition Form

SCENAR I0
MNEMONIC DESCRIPTION

R UN

PERIOD
LENGTH

3600

PERIOD PERIOD PERIOD PERIOD PERIOD PERIOD • PERIOD

MNEMONIC MNEMONIC MNEMONIC MNEMONIC MNEMONIC MNEMONIC MNEMONIC

ONE

IRIGGER TIME TO SCHEDULE TRIGGER TIME TO SCHEDULE
MNEMONIC SCHEDULE PRIORITY MNEMONIC SCHEDULE PRIORITY

HOUR 0

Figure 8
LOAD DEFINITION.. Load Definition Form

LOAD
MNEMONIC DESCRIPTION
----------------------====== = === ==== == = =- = =5 5= = = =-. -====_ = = = = ----=====

HOUR AN HOUR OF MESSAGES

LOAD NODES

NODEI

PROCESS SCHEDULE
MNEMONIC MAX # METHOD MEAN DELTA PRIORITY

SEND--MSG 180 EXPONENT 18.7 1
!r. DATABCHQ i2t EXPONENT 25 0
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safeguard, data can be entered only into the high-
lighted fields. Forms help the modeler enter data
correctly and ensure that all necessary data is
included. They facilitate quick model building
and reduce model debugging time.

Summary
The simple, powerful functional interfaces of
AISIM enable an analyst, with essentially no
knowledge of programming, to quickly and effi-
ciently develop system performance models. The
AISIM commands are easy to learn and permit
rapid model building and analysis. Experience
indicates that a typical user can learn AISIM within
one to two weeks, then start to build, execute,
and analyze models.

Figure 9
Model Analysis Cycle

Define Data *
to be jDEFPLOT RESOURCE, CPUPlotted ,. ,

3.0 MIN ..

ATTRIBUTES STATISTICS

Define No. in Busy Queue Cumulative Mean
Variables No. in Idle Queue Cumula Standard Dev

Wait Time Cumulative Min

0.5 MIN Busy Time Cumulative Max
Idle Time Period Mean

I Rquet Time P awaft forPeriod Min
SimulatePeriod Max

0.1 MIN

12 Current Number
tMINing on CPU

8-
Expmnts 6-

4"

2-
Sign-Off 0 )A

0.5 MIN 0 1080 2160 3240 4320
Clock in Seconds
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Section Three

AISIM Use
This section gives representative examples of how user. This table defines paths between pairs of
AISIM is used to model command, control, and nodes in the architecture, and is referenced by
communications system functions. The first part model processes in routing messages through the
discusses modeling examples using the Di, and modeled system.
the second part illustrates how the Al is used for
execution and analysis of models, including exam- Figure 11 is an example of a loop architecture
pies of plots and statistical summaries, created using the AE. In this network, messages

are generated at hosts (HI, H2, .... H6) and sent

Design Interface to Loop Interface Units (LIUs) represented by
BI .... B6. The messages are then transmitted

The DI is entered when the user wishes to create via the loop and routed to the next LIU. After a
or modify a model. Examples of the three major processing delay each message is routed either to
aspects of AISIM model design (architecture defi- the attached host or the next LIU, depending on
nition, function specification, and system load its destination.
definition) follow:

In this example, AISIM automatically generates
Architecure Definition The Architecture resources for the six hosts, the six LIUs, and the
AcitEte D edto TeAiecture 12 channels defined by the user in the architecture

aEditor (AE) of the DI is used to define a system's
physical architecture, that is, the layout and inter- diagram. Full duplex channels are specified by
connections of the system's physical resources: channels connecting the hosts and the LIU's are
CPU, disk drive, tape drive, channel, and so forth. channels The hs adefUU' are-'" .The user, employing the terminal's graphic fea- full duplex channels. The user may define and
Th sr epoig h emia' rahcfa assign a set of attributes to a resource. For
tures, creates a graphic picture of the system inaet f tes o aresurce For
architecture by positioning symbols and connec- innce, f the atiesaes a te istions between them. The 14 symbols provided by is of interest, one of the attributes associated with

tion bewee the. Te 1 sybolsproide by the LIU resource could indicate the processing
AISIM, together with their mnemonic labels, are
shown in figure 10. The analyst also may assign delay per message character. If this value is defined

attributes and attribute values to specific symbols as a global constant or variable it can easily be

to characterize physical devices. At the end of an changed at the beginning of a simulation run.

AE session, a Legal Path Table can be generated This delay value could then be used by a process

either automatically by AISIM, or manually by the to calculate LU processing delays during the

Figure 10
HOME - EFT ., UP 0 Architecture Design
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Figure 11
Loop Architecture 4 HE-E = LEFT 0. UP 12

Example 40
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course of the simulation. Subsequently, statistical of a process may depend on the availability of
information on messages could be compiled auto- resources. Processes can represent communica-
matically during the run and viewed at a later tions functions as the following examples illustrate.
time.

If the model requires an LPT, the user may choose Exanv~e I Messages are generated at several
to have AISIM generate the LPT at the end of the stations and transmitted to a master station. The
AE session, or may define communication paths purpose of the model is to obtain queuing statistics 1

using AE commands. If AISIM generates the LPT for the transmission lines and the receiving pro-
and ambiguities are encountered, AISIM wil cessor, and to obtain statistics on message transit
query the user to determine the desired path. times.

Each entry in the LPT consists of a FROM node, One process required to model this system defines
a TOnod, aNEXTnod, ad a HANEL.The the message reception and processing functions at

LPT is referenced in the model processes with the master station. To create this process, the user
sytmkeywords. Given the current node and the enters the EDIT PROCESS command specifying

destination node of a message, for example, the tepoes ae h rcs'prmtr r

LPT is then referenced with the appropriate key- then entered in the process form displayed by
word to obtain either the next node along the AISIM (figure 12). The process name in this exam-
message path ($NXTNODE) or the channel needed ple is REC-MSG and the master station node is
to reach that node ($CHANNEL).

Functio Spec11ifcto The Process Editor JATV.
(PE) is entered from the Dl level when the analyst PROCESS NAME HD
wishes to create or modify a process. A process NO
defines a function or set of functions of the mod- ATRBESArf4DY. ON)
eled system. Each process is composed of primi-
tives that define the process functions. It is at this PROCESS DESCR IPT ION
level that resources are allocated and deallocated,
time is consumned, decisions take place, and so I
on. Since resources are limited and shared, AISIM SATBOKTP
automatically maintains statistics on timing and SrR LC P
resource contention factors during model execu- ENTER "PARM" FOR PARAMETER PASSING

IEM" R ITEM PASSIt,
tion. Processes are initiated by scenarios, loads, ENTER STV FfOR S TANDARD PROCrJ5s
and by other processes. Once initiated, execution

Figure 12
Process Form-

9



called NODE2. Since this process must receive time required to process the message, destroys
message items before operations can begin, it is the message, and deallocates the resource.
designated as a parameter passing process by
entering "PARM" in the "START BLOCK TYPE" The entities addressed or manipulated by the
field. Figure 13 shows the additional form dis- primitives of a process (resources, constants,
played by AISIM for a parameter passing process. variables, items, etc.) are also defined by the user.
In this case, the user enters the name "MSG", a For instance, in the process just defined, an
pointer to the message being passed to this pro- instance of an item called MSG must have been
cess. AISIM then draws the basic structure of the created and passed to this process. To define the
process (figure 14). format or template for an item the EDIT ITEM

command is used. The item form (figure 17)
As the user develops the process by adding primi- shows the information defining MSG entered in
tives, AISIM redraws the process flowchart. The the appropriate fields. To create an instance of
appropriate primitives are placed in the flowchart MSG, the CREATE primitive is used in a model
using the PE commands. For example, to generate process. Figure 18 shows the form used for defin-
the first operation after the START, the command ing a resource. For resource NODE2, one unit of
PLACE ASSIGN is entered. AISIM displays a form the resource is available at the start of the simula-

" ,.for the ASSIGN primitive (figure 15) in which the tion. The number of units available during the
. user enters parameters. This example places the simulation may be changed by the process logic.

LENGTH attribute of MSG into a local variable This feature may be used to simulate a resource
called MSG.LENG. The fully developed process failure by making the number of units available
(figure 16) receives a message, computes process- equal to zero.
ing time based on the message length, allocates

. the resource required, uses the resource for the Example 2 This problem, which requires model-
ing of a bus communications network (figure 19),

_ _-_ _ _ _is typical of a class of problems that deal with
multiple hosts communicating over a local net-

I. AN I 'IE P INU AN, j wI work. In this example HI... H4 are connected
to the bus through Bus Interface Units (B1Us)

UIVLN represented by BI, ... B4. Messages generated at
each host are routed to other hosts via the bus.
Queuing and usage statistics are to be generated
for the bus, channel, and processor resources.

RE ruN. Message input traffic consists of data requests
generated randomly by the hosts.mmm The process shown in figure 20 models the BIU
functions. The BIU receives data request messages

_from the databus, generates acknowledgments for

Figure 13 each message, and transfers these messages to the
armerFrattached host for processing. The process is desig-

nated a parameter passing process because it is
to be called from another process and passed a

Z pointer to a message (MSG). The GENACK and
CT, UO SSSENDACK processes are then called to generate

a C C PTION AND DESTRUCTION OF MESSAGIE

8 VEN STRT RE.TURN and send the message acknowledgment. PrimitivesMS E-N T NO 4, 5, and 6 in the process obtain the name of the
BIU-to-host channel using the Legal Path Table

END (LPT). Primitive 6 uses a system keyword ($CHAN-
NEL) that references the LPT to determine the

next channel over which the message is to be
transferred given the current node ($CNODE) and

Figure 14
Initial Process Flow Diagram
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the destination node (TO.NODE). This channel is
then allocated and primitive 8, an ACTION primi-
tive, specifies the amount of time the channel is PARAHETERS FOR ASSIGN

used - in this case 3 msec. The channel is then
de-allocated and process HOST is called to perform vI: Q1

message processing.

System Loads The external inputs to a system
are modeled using the scenario and load entities. V2

The scenario entity specifies the length and num-
ber of periods of the simulation. Periods allow the
user to stop the simulation to alter parameters or LOMMENT: I

inspect results. The scenario triggers a number of
loads and/or processes, specifying the scheduling 

. 1time and priority for each. Load entities specified
in a scenario trigger processes according to the Figure 15
scheduling method specified. A load is normally Form for ASSIGN Primitive
used to schedule processes that create items (mes-
sages). The scheduling method may be any one of

Figure 16
Complete Process

Flow Diagram MSG GIVN RTUR NODE2

1-MSGNO

MSG LENGTH . '-t
[IS ASSIGNED TO2 MSG.LENG GET MESSAGE LENGTH

PROCTIME -DIVIDE
I MSG .LENG

Is COMPUTE PROCESSING TIME

ALLOC NODE2

4 1 UN ITS

ALLOCATE RECEIVING NODE PARTIAL SPRIORTY/

REC -
5 EXPONEN T

PROTIME DELAY FOR PROCESSING MSG

DESTROY( 
_SG

MESSAGE AT DESTINATION

RELEASE RESOURCE EA C NITS.
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12 statistical distributions, including Poisson and For the bus communications network (example
exponential. The load also specifies the node or 2), message input traffic for the modeled network
nodes in which the scheduled process is to consists of data requests generated by the hosts.
operate. Data requests are generated randomly using an

exponential distribution (Poisson arrival pattern).

The scenario for this example (BP2SCEN) is shown
I It h Nr.M a~in figure 21. One period is specified with a length
I JLK W1 IIIN __DATA________FRM______TOof 1,000,000 msec. The unit of time for this model

was chosen by the modeler to be in milliseconds.
The scenario also specifies that loads LOADHI, ...

NAME VALUE NAME VALUE LOADH4 are to be scheduled at time zero with a
priority of zero. The load LOADH I is shown in
figure 22. The three processes specified in the
load create messages for specific destinations. For
example, TOHOST2 creates a message with desti-
nation H2. Thus, the load specifies that a maxi-

Figure 17 mum of 200 messages destined for H2 is to be
Item Definition Form generated with the time between messages expo-

nentially distributed around a mean of 101,010
msec.

R1 OFoUNI TSME: Analysis Interface
IUFAk NUMB['ER OF UNITS;

AISIM models are executed using the Al. If more, , IAL NU,,ME, OF UNIZTS. /than one scenario has been defined, the Al asks
IEsL Pi ION - ,the user for the scenario to be used. Once the
All RIbUIES scenario is selected, AISIM translates the model

NAME VALUE NAME VAI UE definition file into a serial input file and error-
checks this file. If errors are encountered a mes-
sage is printed. AISIM identifies errors such as
inconsistency in data types, unresolved addresses,
and undefined terms. A file is listed containing
the flagged errors.

Figure 18
Resource Definition Form

Figure 19
HoM - LEFT .. uP Bus Architecture
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Commands that control the simulation may be
used both before and during model execution. GIVEN SRETURN
Prior to execution the user may specify simulation MSG STAIRT SG No

data to be plotted, modify variables of the model, 2
and define breakpoints in the execution. During GIVEN CALL RETURN

execution the user interfaces with the model at 2 MSG GENACK MSGACK

breakpoints or ends of periods that are defined ,1WT l

before execution. At these times data may be GIVEN CALL RETURN

plotted, parameters or, breakpoints changed, and UMSGACK SENDACK

so forth. At the end of execution data may be \1T
plotted and a listing obtained of all statistics pro- MSG DEST

d Is ASSIGNED TO

duced by the model. TO.NODE PLACE DEST IN LOCAL VAR

tSG CHODE
IS ASSIGNED TO

Statistical Summaries Standard statistical 5CNoDE SET $CNOD" TO THIS NODE

summaries are produced automatically by AISIM SEO

for each simulation. During model execution $CHANNEL TO.NODEIS Is SSIGEDTO

AISIM automatically collects statistics that include ' BIUCHN. PLACE CHNL MAKE IN A UEcI N

resource usage (time and percent), queue times ALLOC BIUCHAN

and lengths, transmission times, and process 7 1 UNITS
timing. Among the statistical reports produced ALLOCATE DIU-TO-HOST CHNL PARTIAL SPRIORTY

are a resource report and an item report. BHa A
I EXPONENT I

AISIM produces a resource report for each resource:3 V UTILIZE CHANNEL

used in the simulation. During model execution
AISIM maintains four queues: idle, busy, inactive, 9 RELEAE NNITS 11

and wait. The first three queues are really 'states" RELEAST UIU-TO-HOST CHNL I UNITS

of the resource; the fourth is the actual queue for GIVEN CALL RETURN

the resource. During the simulation the idle queue I

contains the number of resource units that are 0

available but unallocated, the busy queue contains C END
resources that are allocated, the inactive queue IE

contains resources that are unavailable, and the
wait queue contains processes waiting for the
resource. Figure 20

BIU Data Request Process

Figure 21
Scenario Definition Form SCENARIO PERIOD LENGTH

DESCRIPTION! B M .. ..

CALLS TRIGGER SCH TIME PRIORITY TRIGGER SCH lINE PRIORI1Y

U.-..-
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"

Figure 23 shows a resource report for a resource
called CHANNEL. The resource CHANNEL may

, ,I1- be a link over which messages created at a trans-
MODE I NODEZ NODE 3 NODIE4 mitting node are sent to a receiving node. The-report identifies the resource attributes in the row

MODES NODEb NOD 7 NODE headings and the individual statistics in the
* lcolumn headings. The report shows that the

resource was put into the busy state 180 times,

"." which corresponds to the number of messages
. s rcreated. Since there is only one unit of the

resource CHANNEL, the mean # busy indicates
that the channel was used 66.3 percent of the

R. pkOCESS MAX * SLHMTD MEANJ DELTA PRIORTTY time for message transmission. The maximum #

-.' waiting indicates that the maximum queue length
for this resource was 6 and the maximum wait

Sti-e shows that the worst case wait time was
104.975 msec.

Figure 22 The item report provides statistics on each item
Load Definition Form (message type) used in the model. Figure 24 is

an example of an item report for a model that
had only one item definition: MSG. The report
shows the number of items that were created and
destroyed, as well as the minimum, maximum,

'WA .. and average time an item was in the system. In
.r UI.t NMER coo18 RET EAR STD DEV MINIM1UM MAXIMUM,.. ...... .. =.... ..... this example the number of items called MSG

60 ......... o 0 337 0 473 0 1 0o that were created and destroyed was 180. The

. 0 statistics on a message's time in the system are a
1'..1 0 a 6, o 473 D 1 00 function of the processing times for the message

.... , ... ...2 109 and the wait times for the resources needed. For
6 ..L. ,l 0 0 0 0 0 this model the average time in the system for

.-A.. 0 items called MSG was 53.17 msec; the maximum
I WA ITINE, 0 0 89, 1 284 0 000

AL I TINC?17 8s1 22 884 a 104 97 was 183.57 msec.
LUWRkM0IL ALLOCAIED

1O PROCESSES NONE

WAI I M; NONE Plot Output Before execution the user may

___request plots of various statistical data. These

plots can be displayed and printed at the end of
Figure 23 the simulation or at the end of a simulation period.
CHANNEL Resource Report

Figure 25 shows the forms used to request a plot
_for resource statistics. The "Attributes" form indi-

cates the data to be addressed and the "Statistics"
ITEM EPO T form indicates the value desired.
IT EM NUM ER NUP'SER TIME IN SYSTEII
NAME CPEATED DESTR'D MINIMM... MAXIMUM... AVERAGE... STO DEV...

Three examples indicate the kinds of data that
I.SG I80 180 .6 183.57 S3.17 35.73

can be plotted. The current number of processes
waiting for the resource CHANNEL is plotted in

% Figure 24 figure 26. This plot gives the user statistics on
Item Report the dynamic activity of the wait queue for this

resource. Figure 27 shows plots of both the current
time and cumulative mean time in the system for
items called MSG. Figure 28 shows the number of
MSG items in the system at any given time.

S14



System Modeling Examples
'AISIM Evaluation - Preliminary Report" con- ATTRIBUTES STATISTICS ' '

tains five examples of AISIM's use for communica- o.matQue Cuet
tions system modeling. The problems modeled No. in Busy Queue Cumulative MeanN in Idle Queue Cumulative Standard Devwere based on ESD system acquisitions and were Wa Time Cumulative Min
used in the evaluation and testing of AISIM. Busy Time Cumulative Max

Idle ime Period Mean
Request ime Per Standard Dev

Period Min
SummaryPeriod Max

Summary

AISIM is a highly interactive discrete-event sim- -_

ulation modeling system. It provides a graphics
capability for describing a modeled system's archi- Figure 25
tecture and functions, a simulation capability for Plot Definition Forms for Resources
analyzing the system, a reporting system for
obtaining performance measures, and a database
for storing model designs and definitions. AISIM'S

Figure 26
Wait Queue for Resource is LUNRLN;I * W Q OR RESOURCE CHANNEL

CHANNEL .UULATIVE A .MEAN 8 IN WAIT QUEUE FOR RESOURCE CHANNEL
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Figure 27
Time in System for Item soeoe.
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Figure 28
Number in System for

", o Item MESSAGE
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interactive organization assists the user in several
modeling areas. It uses interactive graphics to
enable the analyst to "draw" the modeled architec-
ture on the screen and to describe the functional
processes that operate within that architecture.
Each modeled process is represented as a flow-
chart that is updated and drawn automatically.
The architecture diagrams and process flowcharts
provide a ready source of model documentation.
AISIM automatically produces standard statistical
summaries and allows the user to request plots of
performance statistics. The library feature allows
the user to save model designs and definitions in
a library, and retrieve them or portions of them
for developing new models.

AISIM is an easy-to-learn tool designed for direct
use by an analyst as a workbench for investigating
performance impacts of design alternatives in a
short period of time. It is particularly useful during
the conceptual phase of command, control, com-
munications, and intelligence system acquisitions.
Experience to date indicates that AISIM has vast
potential for application to a wide range of model-
ing problems.

H. P. Schultz, S. Natarajan, and J. K. Fryer, "AISIM Evaluation
- Preliminary Report," ESD-TR-82-119, Electronic Systems
Divison, AFSC, Hanscom AFB, MA, Sept. 1981, AD A 113108.
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